ABSTRACT -The combination of crop residues or crop extracts is often more advantageous in controlling weeds, than the application of each residue or extract singly. This suggests that in intercropping with maize, the combination of tree species can be more advantageous than species isolated in weed control. The objective of this study was to evaluate the effects of intercropping with a combination of leguminous on the weed growth and corn yield. A randomized-block design with split plots (cultivars in plots) and five replicates was established. The cultivars BR 205 and AG 1041 were subject to the following treatments: two weedings (A), intercropping with sabiá (B), gliricidia (C), gliricidia + sabiá (D) and no weeding (E). In the B and C, 30 viable seeds m -2 of the leguminous were sown. In the D, 15 seeds of each species were sown m -2
RESUMO -A combinação de resíduos ou extratos das culturas frequentemente é mais vantajosa do que a aplicação isolada dos resíduos ou extratos, no controle das plantas daninhas. Isso sugere que, na consorciação com o milho, a combinação de espécies arbóreas pode ser mais vantajosa do que espécies isoladas no controle de plantas daninhas. O objetivo deste estudo foi avaliar os efeitos da consorciação do milho com uma combinação de leguminosas arbóreas sobre o crescimento das plantas daninhas e o rendimento do milho. Utilizou-se o delineamento de blocos casualizados com parcelas subdivididas (cultivares nas parcelas) e cinco repetições. Os cultivares BR 205 e AG 1041 foram submetidos aos seguintes tratamentos: duas capinas (A), consorciação com a sabiá (B), consorciação com a gliricídia (C), consorciação com a sabiá + gliricídia (D) e sem capinas (E)
.
. As leguminosas foram semeadas a lanço durante a semeadura do milho. Os melhores tratamentos para redução do crescimento das plantas daninhas são: A > B = C = D = E. Os melhores tratamentos, quando considerados os rendimentos de minimilho, milho verde e de grãos, foram: A > B > C > D > E. Os cultivares não diferem na redução do crescimento das plantas daninhas. Quanto ao rendimento de milho, o cultivar BR 205 é o melhor.
Palavras-chave: Zea mays, Gliricidia sepium, Mimosa caesalpiniifolia, milho verde, rendimento de grãos.
INTRODUCTION
The weed control in the Brazilian semiarid region is mostly done with hoeing and herbicide use. The hoeings are used by most small farmers, but are problematic because they are time consuming, expensive and laborious. The use of herbicides is done by most large companies, but also presents difficulties due to a probably contamination that cause to the air, soil and water, and the negative implications to the health of humans and other animals. Furthermore, the use of the same herbicides for many years is resulting in the selection of weed biotypes resistant to them.
The problems associated with weeding and herbicide use and the pressure from societies for more sustainable agriculture has led to the search for and reevaluation of alternative methods for weed control. Various methods include soil covering (Rajashekarappa et al., 2013) , incorporation of plant residues (Matloob et al., 2010; Khaliq et al., 2011) , spraying with vegetable extracts (Mubeen et al., 2012; Uddin et al., 2013) , and intercropping (Tavella et al., 2014) .
Intercropping to control weeds has mainly been attempted with annual crops. However, several studies have demonstrated that various perennial species may control weeds when grown with corn (Tavella et al., 2014) . In these studies, corn has been intercropped with tree species individually, i.e., corn + gliricidia (Gliricidia sepium) or corn + sabiá (Mimosa caesalpiniifolia).
Analyses of other weed control methods have frequently included a combination of treatments, for example, combinations of residues products (Matloob et al., 2010; Khaliq et al., 2011) or plant extracts (Khan et al., 2005; Mubeen et al., 2012; Uddin et al., 2013 ) from various crops. Applications of combinations are based on the fact that the allelochemicals from a given species differentially affect other species (Ebana et al., 2001) . That is, there are interspecific and intraspecific differences in allelopathic potential (Ebana et al., 2001; Imatomi et al., 2013) . Conversely, the allelopathy of a given species may influence various species differently (Uddin et al., 2013) .
The results obtained with the combination of crop residues or combination of crop extracts are often more advantageous in controlling weeds than the application of residues or extracts individually. This suggests that it would be interesting to evaluate the combination of two or more species intercropped with the main crop, to measure the effects of it on weed control and crop yield. For example, corn + (gliricidia + sabiá).
The objective of this study was to evaluate the effects of intercropping with a combination of gliricidia + sabiá on weeds and corn yields. (Carmo Filho et al., 1989) .
MATERIAL AND METHODS
The soil in the area is classified as a Red-Yellow Argisol (RYA) (Embrapa, 2006) . Analysis of the experimental soil indicated that it had a pH of 6.46 and its phosphorous, potassium, and sodium levels were 6.4, 85.3, and 66.3 mg dm -3 , respectively. The contents of calcium, magnesium, aluminum, hydrogen, total bases, and exchangeable bases and the cation exchange capacity were 1.69, 1.00, 0. 00, 0.74, 3.20, 3.20 and 3.94 cmol c dm -3 , respectively. The percentages of base saturation and exchangeable sodium were 81% and 7%, respectively.
Intercropping corn with a combination of tree species ... The area was prepared by performing two harrowings before a starter fertilizer was applied based on the results of the soil analysis and corn needs; the resulting fertilizer N, P, and K quantities were estimated to be 120, 60 and 30 kg ha -1 , respectively. The sources of N, P, and K were ammonium sulfate, superphosphate and potassium chloride, respectively. Fertilizers were applied in furrows located to the side and below the seed furrows. One-third of the nitrogen was applied during the starter fertilizer application and the other 2/3 was applied as top-dressing at 25 days and 45 days after sowing, after the completion of weeding. . Seeds were sown by casting to ensure a uniform distribution and incorporated using a rake.
The spacing between rows was 1.0 m, with the holes in any one row spaced 0.40 m apart. Sowing was performed manually with four seeds per hole. At 20 days after sowing, the plants were thinned, leaving the two largest plants in each hole and giving the experiment a planned seeding density of 50 thousand plants ha -1 . Each subplot consisted of five 6.0 m long rows. Only the three central rows were sampled, from which the plants from one hole at the three row ends were discarded at harvest. Of the three central rows in each experimental unit, one was used to estimate baby corn yield, another for green ear yield, and the last for corn grain yield.
The experiment was conducted under sprinkler irrigation. The depth of water needed by the maize (5.3 mm) was calculated taking the effective depth of the root system to be 0.40 m. When to irrigate was based on the water retained in the soil at a pressure of 0.40 Mpa. Irrigation began after sowing was carried out three times a week and was suspended five days before the mature ears were harvested. Fall armyworms (Spodoptera frugiperda) were controlled by two applications of Decis 25 CE (deltamethrin, 250 mL i.a. ha -1 ) at 25 and 45 days after sowing. Corn leafhopper (Dalbulus maidis), was controlled by spraying with Decis 25 CE at 45 days after sowing.
The following characteristics of the sabiá plants were analyzed: number of plants per m 2 , plant height, and root collar diameter at 110 days after sowing. The weeds growing in the plots were collected from a 1.00 m x 0.8 m area between two rows of corn at 110 days after corn planting. Weeds were cut at the soil level, identified, and ground. A sample of the aboveground material weighing approximately 200 g was placed into an oven to determine dry mass.
Eight baby corn harvests were conducted from 52 to 66 days after sowing, and all were performed three days after emergence of the silk. The number and mass of the unhusked ears, as well as the fresh and dry mass of the husked ears, were assessed. Marketable unhusked ears were defined as those free of pest damage or disease, while marketable husked ears were those with good health, pearl white to light yellow color, a cylindrical shape, diameters between 8 mm and 18 mm, and lengths between 4 cm and 12 cm (Silva et al., 2006) . Dry masses of husked ears were estimated by placing them in a forced-air oven at 75 o C until achieving a constant mass.
Two harvests of green ears were collected, at 74 and 76 days after sowing, when the corn grains had a moisture level between approximately 70% and 80%. The number and total mass of the green ears, as well as the number and mass of the marketable green ears, with and without husks, were assessed. Marketable unhusked green ears were defined as those free of pest damage or disease, with no defects, and with lengths equal to or greater than 22 cm. The number and mass of marketable husked green ears, considered to be those with good health and corn grain formation and a length equal to or greater than 17 cm, were also recorded (Silva et al., 2006) . Dry corn was harvested 118 days after sowing, when the grains had a moisture level of 20%. The heights of the plants and of the insertion points of the ears, the numbers of ears and of grains per ear, the weight per 100 grains, and the corn grain yield were assessed. Plant height was defined as the distance from the soil surface to the insertion point of the highest leaf. The height of the insertion point of an ear was measured from the soil surface to the base of the highest ear, in the case of prolific plants. The number of grains was estimated by counting the number of grains in one row of each ear and the number of rows per ear. The weight of 100 grains was estimated by summing the weight of the grains in an ear divided by the number of grains in the ear. Corn grain yield was corrected assuming a moisture level of 15.5%.
Data from the maize and weeds were submitted to a test for homogeneity of variance prior to variance analysis (F test). The means were compared at 5% probability by Tukey test.
RESULTS AND DISCUSSION
In the dry aboveground biomass of weeds there was effect of methods of weed control, but there was no effect for cultivars. In the plots planted with cultivars BR 205 and AG 1041, the mean dry biomasses of the weeds were 392.2 g and 431.4 g m 2 , respectively, which were not significantly different. In the plots that received two weedings, the dry biomasses of the weeds were less than those of the plots with the other treatments, which were not different from each other ( Table 1) . The most common weed species in the 50 experimental units were (frequency, in percentage of experimental units) Ipomoea sp. (78%), Adenocalymma sp. (66%), Cenchrus echinatus (66%), Paspalum griseum (64%), and Solanum agrarium (42%). Another 17 species were found at frequencies less than 30%.
The analysis of variance for numbers of plants m -2 , plant heights, and root collar diameters of the legumes analyzed indicated an effect only for cultivation system (cornsabiá, corn -gliricidia, and corn -sabiá + gliricidia). Therefore, these characteristics were not affected by the corn cultivars. In all of the cultivation systems, the survival of the legumes, and possibly their growth, were decreased (as sabiá and gliricidia were not grown in the absence of weeds, comparisons could not be made) ( Table 2) . Decreases were caused probably by allelopathy and competition for growth with weeds and with corn. Several authors have found that weeds reduce forest species survival and growth when sown directly, similar to what was done in this study (Valkonen, 2008; Wang et al., 2011) . Sabiá tolerated interference with weeds and corn Means followed by the same upper case letter in the row, and by the same lower case letter in the column do not differ from one another at 5% probability, by Tukey's test. In the intercrop treatments, the leguminous species were broadcasting sowed between corn rows, simultaneously when the corn was sowed. The sowing rate for gliricidia (Gliricidia sepium) and sabiá (Mimosa caesalpiniifolia) intercrops was 30 iable seeds -2 . The sowing rate for corn + gliricidia + sabiá intercrop was 15 iable seeds -2 of each leguminous species.
Intercropping corn with a combination of tree species ... better than gliricidia, especially when grown in the absence of gliricidia (Table 2 ). Perhaps the fact that sabiá is native to the Caatinga and thus is better adapted to the abiotic and biotic conditions of its semiarid climate than gliricidia explains its superiority (Maia, 2004) . Different survival and growth rates between species contribute to the coexistence of different species in heterogeneous environments (Beckage & Clark, 2003) . The findings of these authors may help explain the increased gliricidia and sabiá root collar diameters when they were intercropped with corn in an environment that was highly heterogeneous with respect to weeds ( Table 2 ).
There were effects of cultivars (C) and methods of weed control (M), but there was no effect of C x M interaction for the traits used for evaluation of baby corn yield. Weeding twice resulted in the best baby corn yields compared to the other treatments, which were not different from each other, except in the dry mass of the husked ears. For the dry mass of the husked ears, the gliricidia + sabiá intercropping resulted in a yield that was intermediate between the yield obtained with two weedings and those of the other treatments. The baby corn characteristics analyzed were superior for cultivar BR 205 compared to cultivar AG 1051 (Table 3) .
Also, in the total number and total weight of green ears there were effects of cultivars (C) and methods of weed control (M), but there was no effect of C x M interaction. The means of the main effects of the two treatment groups are shown in Table 4 . For the total number of green ears, performing two weedings produced the best results; intercropping with sabiá produced an intermediate result; the other treatments, which did not differ from each other, produced the worst results. For the total green ear weight, the treatments involving intercropping produced yields intermediate between two weedings and no weeding. For both characteristics, cultivar BR 205 performed better (Table 4) .
With regard to number and weight of marketables unhusked green ears there were effects of cultivars, methods of weed control and C x M interaction. That is, the cultivars responded differently to the weed control methods for these two characteristics (Table 5 ). Intercropping produced better yields for both characteristics in the absence of weeding for cultivar BR 205. For cultivar AG 1051, the yields from the intercroppings were equal to or lower than those obtained without weeding. The cultivars were not different from each other with or without weeding, but cultivar BR 205 was superior to cultivar AG 1051 when intercropped (Table 5 ).
As to number and weight of marketables husked green ears, the results were similar to those obtained with the number and weight Means followed by the same letter are not significantly different at 5% probability by Tukey's test. In the intercrop treatments, the leguminous species were broadcasting sowed between corn rows, simultaneously when the corn was sowed. The sowing rate for gliricidia (Gliricidia sepium) and sabiá (Mimosa caesalpiniifolia) intercrops was 30 viable seeds m -2 . The sowing rate for corn + gliricidia + sabiá intercrop was 15 viable seeds m -2 of each leguminous species.
1/ 2/ 1/ of marketables unhusked green ears. That is, there were effects of cultivars (C), methods of weed control (M) and C x M interaction. The numbers of ears of cultivar BR 205 were the same with two weedings and with intercropping with sabiá or gliricidia and greater than the numbers for the other two treatments (Table 6 ). For cultivar AG 1041, the number of ears obtained with two weedings was higher than the numbers obtained with the other treatments, which were not different from each other. The mass of the ears from cultivar BR 205 was higher with two weedings, intermediate for the sabiá or gliricidia intercroppings, and lower for the other treatments. For the other cultivar, the mass of the ears was also highest with two weedings, lowest with no weeding, and intermediate for the other treatments (Table 6 ). Cultivar BR 205 was superior to cultivar AG 1041 in terms of the number and mass of marketable husked ears under all weed control methods, except for two weedings (number of ears) and the absence of weeding (number and mass of ears). The yields from the two cultivars were similar for these two treatments (Table 6 ).
There were no effects of cultivars x methods of weed control interaction in the grain yield and its components. The highest corn grain yield was obtained with two weedings and the lowest with no weeding (Table 7) . The intercroppings produced intermediate harvest yields. The maximum yield, obtained with two weedings, was associated with maximum values of all three main components of the yield. Similarly, the lowest yield, observed with no weeding, was attributed to decreases in the yield components. Cultivar BR 205 performed better than AG 1051 and this superiority was Means followed by the same letter are not significantly different at 5% probability by Tukey's test. In the intercrop treatments, the leguminous species were broadcasting sowed between corn rows, simultaneously when the corn was sowed. The sowing rate for gliricidia (Gliricidia sepium) and sabiá (Mimosa caesalpiniifolia) intercrops was 30 viable seeds m -2 . The sowing rate for corn + gliricidia + sabiá intercrop was 15 viable seeds m -2 of each leguminous species. Means followed by the same letter are not significantly different at 5% probability by Tukey's test. In the intercrop treatments, the leguminous species were broadcasting sowed between corn rows, simultaneously when the corn was sowed. The sowing rate for gliricidia (Gliricidia sepium) and sabiá (Mimosa caesalpiniifolia) intercrops was 30 viable seeds m -2 . The sowing rate for corn + gliricidia + sabiá intercrop was 15 viable seeds m -2 of each leguminous species.
Intercropping corn with a combination of tree species ... Table 5 -Means for green ears yield of corn cultivars as a response to weed control methods Means followed by the same upper case letter in the row, and by the same lower case letter in the column do not differ from one another at 5% probability, by Tukey's test. In the intercrop treatments, the leguminous species were broadcasting sowed between corn rows, simultaneously when the corn was sowed. The sowing rate for gliricidia (Gliricidia sepium) and sabiá (Mimosa caesalpiniifolia) intercrops was 30 viable seeds m -2 . The sowing rate for corn + gliricidia + sabiá intercrop was 15 viable seeds m -2 of each leguminous species. Table 6 -Means for green ears yield of corn cultivars as a response to weed control methods
Means followed by the same upper case letter in the row, and by the same lower case letter in the column do not differ from one another at 5% probability, by Tukey's test. In the intercrop treatments, the leguminous species were broadcasting sowed between corn rows, simultaneously when the corn was sowed. The sowing rate for gliricidia (Gliricidia sepium) and sabiá (Mimosa caesalpiniifolia) intercrops was 30 viable seeds m -2 . The sowing rate for corn + gliricidia + sabiá intercrop was 15 viable seeds m -2 of each leguminous species. Means followed by the same letter do not differ from one another at 5% probability, by Tukey's test. In the intercrop treatments, the leguminous species were broadcasting sowed between corn rows, simultaneously when the corn was sowed. The sowing rate for gliricidia (Gliricidia sepium) and sabiá (Mimosa caesalpiniifolia) intercrops was 30 viable seeds m -2 . The sowing rate for corn + gliricidia + sabiá intercrop was 15 viable seeds m -2 of each leguminous species. attributed to the greater number of ears per ha and greater weight of 100 corn grains (Table 7) .
The two treatment types (cultivar and weed control method) affected baby corn (Table 1) , green corn (Tables 2 to 6 ), and corn grain (Table 7) yields differently. There are at least three reasons for these differences. First, these products are harvested at different times, i.e., these types of corn compete with other species for various amounts of time and under different environmental conditions. Second, the products are evaluated differently. Finally, phenological differences may affect the yield of the three products. Reid et al. (2014) found that delays in controlling weeds increased the interval between male and female flowering. This increase should not affect baby corn yields, but may negatively impact green corn and corn grain yields because of occasional pollination problems.
The numbers and masses of marketable unhusked (Table 5 ) and husked ears (Table 6) of the cultivars did not differ in the absence of weeding or with two weedings (except for the mass of marketable husked ears, Table 6 ). In other words, for the intercroppings, cultivar BR 205 always performed better than cultivar AG 1041, suggesting that cultivar BR 205 is better adapted to the intercropping conditions. There are differences in how various cultivars behave in intercropping, including for weed control (Kuchinda et al., 2003; Olowe & Adeyemo, 2009) , and in some cases, these differences may be related, at least partially, to the prolificacy observed in corn.
Prolificacy is the ability of the corn plant to produce more than one ear per stalk. It is determined genetically and allows the plant to produce more ears under stressful conditions (e.g., high plant density, nutritional deficiency, competition with weeds). Higher corn grain yields from corn breeds and hybrids are associated with a higher number of ears per plant under stressful conditions (Betrán et al., 2003) . Weeds cause stress to crops by competing for resources necessary for growth and by allelopathy. Mahajan et al. (2007) found that corn produced fewer ears per stalk when weeds were not controlled.
It is expected that there is a relationship between prolificacy and the production of new female inflorescences as the latter are removed, but this relationship was not found in the literature consulted. Cultivar BR 205 was, on average, superior to cultivar AG 1051 for all of the characteristics used to analyze baby corn yield (Table 3) , in the number and mass of green ears (Table 4) , in the number and mass of marketable green ears, both unhusked and husked (with various methods of weed control) (Tables 5 and 6 ), and in corn grain yield (Table 7 ). The superiority of one cultivar over another depends on many characteristics. One characteristic that may help explain the superiority of cultivar BR 205 is its higher prolificacy. For example, with a planting density of 50,000 plants ha (Table 3) .
Performing two weedings to eliminate the majority of the weeds resulted in the best yields of baby corn (Table 3) , green corn (Tables 4, 5 and 6) and corn grain (Table 7) . For cultivar BR 205, intercropping with sabiá produced results similar to those obtained with two weedings for the number of marketable unhusked ears (Table 5) . Sabiá was the second best treatment in terms of the total number and mass of green ears for both cultivars (Table 4) , the number of marketable husked and unhusked ears for cultivar AG 1041 (Tables 5 and 6 ), and the masses of marketable unhusked (Table 5 ) and husked ears (Table 6 ) and corn grain yield (Table 7) for both cultivars. The intercropping with gliricidia yielded a number of marketable husked ears equal to that with two weedings (Table 6 ) and was often the third best treatment when considering baby corn, green corn and corn grain yields. Intercropping with gliricidia + sabiá was better than the "no weeding" treatment for the total mass of green ears (Table 4) , the number and mass of marketable husked ears of cultivar AG 1041 (Table 6) , and the corn grain yields for both cultivars (Table 7) . Therefore, of the three intercroppings analyzed, corn -sabiá was the best, followed by corn -gliricidia, and then cornsabiá + gliricidia, when considering the Intercropping corn with a combination of tree species ... characteristics used to evaluate corn yield. Sabiá may have a better competitive ability and its allelochemicals (Piña-Rodrigues & Lopes, 2001 ) may be more effective than gliricidia for controlling the weed species that occurred in the experiment, as suggested by its better survival and taller plant height (Table 1 ). The hypothesis of the present study was that intercropping with a combination of sabiá + gliricidia would control weeds better than intercropping with sabiá or gliricidia alone, similar to what often occurs with a mixture of plant residues or extracts. This hypothesis was not confirmed and there are several potential reasons. First, the interference between sabiá and gliricidia plants may be stronger than the interference among sabiá plants or among gliricidia plants, resulting in decreased effectiveness in weed control with the corn -sabiá + gliricidia intercropping. Second, the fact those combinations of extracts or plant residues are more effective than extracts or plant residues used individually may be associated with the higher concentrations of allelochemicals in the extracts and plant residues compared to those secreted by plants. Finally, processes that are not performed by extracts or residues occur in live plants.
Weeds reduced the yield of baby corn (Table 3) , green ears (Tables 4 to 6), and corn grain (Table 7) . Weeds decrease the yield of crops competing for water, nutrients, and light.
It can be concluded that performing two weeding reduces weed growth and determines the highest yields of baby corn, green corn and corn grain. Intercropping do not reduces weed growth. When considering the characteristics used for evaluating corn yield, the corn-sabiá intercropping is the best, followed by the corngliricidia intercropping, and lastly by the cornsabiá + gliricidia intercropping. The cultivars do not differ in regards to the reduction in weed growth, the number and mass of marketable unhusked ears and the mass of marketable husked ears. For all other characteristics, the cultivar BR 205 is the best.
